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Electron microscopy (1, 2, 3) has recently
shown that actively phagocytosing melano-
phages concentrate melanin granules into spe-
cially developed organelles whose ultrastructural
characteristics correspond to those of lyso-
somes (4, 5) found in various tissues such as
kidney, liver and pancreas. Since the lysosome
has been shown bio-histochemically to be rich
in acid phosphatase activity, the existence of
this hydrolytic enzyme within the melanophage
was predicted (6). The substantiation of the
presence of this enzyme may lend itself to an
enzymic characterization of the melanophage at
the cellular and subcellular levels, differentiating
it from the actively melanin synthesizing cell.
Furthermore, another cellular degradative
process accompanied by the presence of acid
phosphatase is present in the strata granulosum
et corneum, where the keratinocytes abruptly
lose all their cellular constituents, including
nuclei, and form the keratin layer. Subcellular
localization of acid phosphatase in these epi-
dermal zones (6, 7, 14) is further examined for
controlling the acid phosphatase reaction.
MATERIALS AND METHODS
Acid phosphatase activity is studied by the lead
method described by Gomori (8) and the hexa-
zonium pararosanilin technic of Barka and Ander-
son (9) using light and electron microscopy. Go-
mon's method came into almost exclusive use in
electron microscopic studies because Barka and
Anderson's technic, although superior for light
microscopy, does not furnish sufficiently electron
dense particles. For electron microscopy the tis-
sue is cut into strips 1 mm' in cross-section. One
group of tissue strips is fixed in buffered isotonic
KMnO4 and embedded in Epon 812 as described
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by Luft (10). Another group of tissue strips is
processed for the ultrastructural acid phosphatase
reaction as follows: (a) Fixation at 4°C for 60
minutes at pH 7.4 in 10% phosphate buffered
formalin or for 120 minutes in 6,5% glutaraldehyde
(11) buffered to pH 72 with 0.1 M cacodylate; (b)
Incubation for 60 to 120 minutes at 37°C in
Gomoni's substrate solution, freshly prepared; (c)
Rinsing in distilled water 3 minutes; (d) Washing
in 2% acetic acid 3 minutes with a following rinse;
(e) Immersion in a dilute solution of ammonium
sulfide for 4 minutes with a following rinse; (f)
Re-fixation in buffered 0504 or KMnO4 and further
preparation in the standard way. Staining is car-
ried out at the absolute ethanol stage of dehydra-
tion by immersion of the tissue strips in a 1%
solution of phosphotungstic acid in ethanol for
60 minutes. Some of the thin sections are stained
with 2% uranyl acetate solution. Sections were
examined with an R.CA. electron microscope
E.M.U.-3F.
The material studied consisted of normal human
skin (3 cases), hyperpigmented areas in normal
buccal mucosa (4 cases), Riehl's melanosis (2
cases) and Dubreuilh's precancerous melanosis (5
cases).
RIISULTS AND DISCUSSION
Although recent advances in electron mi-
croscopy and gradient biochemistry have re-
sulted in increased knowledge of melanin bio-
synthesis in the melanocyte, the melanophage
and the disputed genesis of its contained
melanin granules have been left unclarified. The
critical differentiation of the melanophage from
normal and pathological melanocytes for diag-
nostic and pathogenetic investigation requires
the clarification of the obscure cellular physi-
ology of the melanophage.
Essentially all post-synthetic melanin gran-
ules in the dermis, even those initially appear-
ing to be extracellular under the light micro-
scope have with the more sensitive technics
afforded by electron microscopy been identified
intracellularly within melanophages.
As predicted, acid phosphatase activity is
clearly found to be concentrated within char-
acteristic melanophages, while little or no such
activity is observed in melanocytes at the
dermal-epidermal junction (Fig. 1A). Further-
more, by light and electron microscopic dopa
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FIG. 1A. Intense acid phosphatase activity (red deposition) selectively eharaeteriziog mel-
anophages, as seen in the dermis, differentiating them from the non-reacting junctional mel-
anoeytes (arrows) (retaining brown color of melanin). Barka and Anderson's hexazonium
pararosanilin technic. X 135.
FIG. lB. Acid phosphatase reaction of the same lesion as Fig. 1A using the lead method of
Gomori showing essentially identical loealizatlon of the hydrolytic enzyme in melanophage,
strata eornium et granulosum. X 90.
FIG. 1G. Discrete localization of acid phosphatase activity within dermal melanophages in
contrast to the absence of this lytie enzyme in junctional premelanomatous melanoeytes of
Dubreuilh's melanosis. Barka and Anderson's technic. X 180.
FIG. 1D. Acid phosphatase reaction of a typical melanophage revealing the discrete con-
centration of the activity within distinct eytoplasmie bodies corresponding to the "phagoeyte
vaeuoles" observed under electron microscopy. Barka and Anderson's technic. X 1100.
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Fie. 2. Electron micrograph of a melanophage demonstrating phagocytosed melanin gran-
ules (m) as degrading conglomerates within the limiting membrane (N) of a "phagocyte
vacuole" (L). KMnO4 fixed and stained with phosphotungstic acid and uranyl acetate. ><
34,900.
reactions it has been shown that these acid
phosphatase rich mclanophages contain little
if any tyrosinase, while the acid phosphatase
negative junctional melanocytes contain an
abundance of this oxidative enzyme, primarily
within their melanosomes (12). Maximum rc-
suits using the light microscope have been ob-
tained with the method of Barka and Anderson
rather than that of Gomori because of its more
precise localization and distinctive red color
yield, although the careful use of Gomori's
method gives essentially identical results (Fig.
1B). In skin sections, the specificity of either
acid phosphatase reaction (Barka and Anderson
or Gomori) can be verified by its distinct
localization limited, in the epidermis, to the
strata corneum and granulosum (Fig. 1A,B,C).
The acid phosphatasc reaction clearly dis-
tinifuishes even the prcmelanomatous melano-
cytc or melanosis circumscripta praecancerosa
Dubreuilh by the absence or paucity of this
lytic enzyme, from the intensely reacting
melanophagc (Fig. 1C). At higher magnification
even the light microscope can reveal the dis-
crete concentration of acid phosphatasc within
distinct cytoplasmic bodies averaging approxi-
mately 1,100 mu in size, corresponding to the
"phagocyte vacuolcs" observed under the elec-
tron microscope (Fig. 1D).
Electron microscopy of the melanophage re-
veals that most melanin granules are enclosed
by the limiting membrane of distinctive
organellcs, "phagocyte vacuoles", irregularly
spheroid in shape and variable in size (Fig. 2).
It is further observed with the electron micro-
scope using Gomori's reaction, that the electron
opaque accumulation of lead sulfide resulting
from acid phosphatasc activity occurs primarily
in these melanin granule containing organelics
(Fig. 3) although some activity may appear in
the nuclei.
Quantitative variations in acid phosphatase
activity seem to correspond to the stage of
lysosome maturation since this organellc is con-
centrating this lytic enzyme within the melano-
phage. This coincides with the finding that
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occasional melanophages with undeveloped
lysosomes present little or no observable acid
phosphatase activity under the limited resolu-
tion of the light microscope. Furthermore, the
differentiation of malignant melanoma and
nevus cells of the dermis from melanophages
can also be achieved by the acid phosphatase
reaction. Although these cells may contain
slight lytic activity and may occasionally de-
velop lysosomes with degradation of melanin
granules (Fig. 4), the differences in amount
and distribution of acid phosphatase activity
readily provide differentiating characteristics.
A more detailed study will appear elsewhere
(13).
It is currently felt that although the original
concept of the lysosome is biochemically defined
on the basis of a number of hydrolytic en-
zymes, acid phosphatase rich cytoplasmic
organelles can be considered lysosomes if their
specific function and ultrastructural character-
istics coincide with formulated criteria. Since
the acid hydrolytic enzymes in lysosomes are
generally involved in intracellular digestion of
foreign and endogenous material, it seems likely
that these demonstrated lytic enzymes are also
involved in the observable degradation of
melanin granules within melanophages.
This lytic enzyme has also been found to
be concentrated in those epidermal zones in
which cellular constituents undergo degrada-
tion, the strata granulosum ct corneum. The
accumulation of acid phosphatase from the
stratum granulosum to the stratum corneum
(Fig. 5) is non-lysosomal but within nuclei and
kcratohyaline granules in the granular layer and
rather diffusely in the kcratin layer although less
nuclear activity is noted using Barka's modified
method (15). No lysosomes can be observed
within these layers in the normal human epider-
mis. The common presence of this lytic enzyme
in two distinct cellular systems may underscore
its homologous physiologcal functions in the deg-
radation of phagocytosed melanin granules in
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Fm. 3. Subcellular localization of acid phosphatase is revealed by the enzymic formation
of electron opaque lead sulfide (P) within melanin granule (m) containing "phagocyte vac-
uole" (lysosomes) (L) after Gomori's reaction. Prefixed with phosphate buffered formahn.
Postfixed with KMnO4 after Gomori's reaction aad stained with phosphotungstic acid and
uranyl acetate. X 19,700.
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FIG. 4. Electron micrograph of melanotic malignant melanoma developed within thc
plaque of Dubreuilh's precancerous melanosis showing large conglomerate bodies (L) having
melanin degrading processes in addition to variously electron dense individual melanosomcs(m) T: mitochondria. Fixed in KMnO4 and stained with phosphotungstic acid and uranyl
acetate. )< 12,400.
melaoophagcs and of cellular constituents of
keratinocytes undergoing keratinization.
SUMMARY
The present study indicates that active
melanophages arc rich in acid phosphatase,
differentiating them from melanocytcs which
are devoid of this lytic enzyme. Electron mi-
croscopy reveals that melanin granules of
melanophages are phagocytosed within acid
phosphatase rich "phagocyte vacuoles," lyso-
somes.
The present evidence indicates that mclano-
phages and melanocytes can be characterized
by their subcellular, lysosomal or mclanosomal,
and their enzymic, acid phosphatasc or tyro-
sinase, activities in distinguishing melanin
phagocytosis and synthesis in both physiological
and pathological pigment cell ontogeny.
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Fm. 5. Electron microscopic acid phosphatase reaction demonstrating intense nuclear and
keratohyalin granular localization in the granular layer and rather diffuse distribution in the
keratin layer. No lysosomes are present. Gomori's reaction. Re-fixed with KMnO, and stained
with phosphotungstic acid and uranyl acetate. X 6,200.
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